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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the effective removal of metallic 
pollutants from a semiconductor wafer by a method in which when inorganic 
pollutants are removed from the surface of a semiconductor substrate, the 
pollutants, after being converted by the reaction with a kind of converting agent, 
are removed by using slovating agent. 



SOLUTION: When a semiconductor wafer in which inorganic pollutants exist is 
cleaned, the wafer is put into a container 16, supercritical fluid (SCF) is sent from 
a gas storage tank 28 to a storage tank 12 holding a modifying agent through a 
pressurizing apparatus 34 and a conduit 38, and SCF incorporated with the 
modifying agent is supplied to the container 16 in the tank 12. Simultaneously 
with the modification of the pollutants on the wafer by the modifying agent, SCF 
is sent to the storage tank 14 holding a solvating agent through the conduit 38, 
and the SCF incorporated with the solvating agent is supplied to the container 16 
in the tank 14. In this way, the pollutants are removed from the wafer. The 
modified pollutants etc., are sent to a container 20 through a pressure-reducing 
valve 18, and the pollutants are precipitated. 
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CLAIMS 
[Claim(s)] 

[Claim 1] In the approach of removing an inorganic pollutant from the front face 
of a semi-conductor base substantially Make said inorganic pollutant react with 
at least one kind of inversion agent, and said inorganic pollutant is converted by 
it. It is removed covering said converted inorganic pollutant over at least one 



kind of solvent agent. The removal approach of an inorganic pollutant of said 
solvent agent containing in the first supercritical fluid in that case, and becoming 
altitude from many processes said whose converted inorganic pollutants are 
fusibility to said solvent agent much more than said inorganic pollutant. 
[Claim 2] The approach according to claim 1 of choosing an inversion agent from 
an acid, a base, a chelating agent, a ligand agent, a halogen content agent, and 
the group that consists of those combination. 

[Claim 3] the first supercritical fluid - supercritical CO 2 it is - approach 
according to claim 1. 

[Claim 4] The method according to claim 1 of being located on a front face 
substantially [ the oxide with which an inorganic pollutant exists automatically on 
a base ]. 

[Claim 5] The method according to claim 1 of making the second supercritical 
fluid contain an inversion agent. 

[Claim 6] the second supercritical fluid - supercritical CO 2 it is - approach 
according to claim 1. 

[Claim 7] The method according to claim 1 of performing the process to which an 
inorganic pollutant is made to react with at least one kind of inversion agent, and 
the process which removes it by covering said converted inorganic pollutant over 
at least one kind of solvent agent to coincidence. 



[Claim 8] The approach according to claim 1 of choosing a solvent agent from 
the group which consists of polar gas, nonpolar gas, polar supercritical fluid, 
nonpolar supercritical fluid, a polar substance, the nonpolar matter, a surface 
active agent, detergent, ampholite, or a chelating agent. 

[Claim 9] The approach according to claim 1 an inorganic pollutant is a metal 
contamination. 

[Claim 10] In the approach of removing a metal pollutant from the front face of a 
semi-conductor base substantially Make said metal pollutant react with at least 
one kind of inversion agent, and said metal pollutant is converted by it. Also for 
**, said inversion agent is the first supercritical CO 2. It is removed containing in 
the fluid and covering said converted metal pollutant over at least one kind of 
solvent agent. Said solvent agent is the second supercritical CO 2 in that case. 
The removal approach of a metal pollutant of containing in the fluid and 
becoming altitude from many processes said whose converted metal pollutants 
are fusibility to said solvent agent much more than said metal pollutant. 
[Claim 11] The method according to claim 10 of performing the process to which 
a metal pollutant is made to react with at least one kind of inversion agent, and 
the process which removes it by covering said converted metal pollutant over at 
least one kind of solvent agent to coincidence. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to removing the inorganic 
pollutant of the front face of the semi-conductor structure about semiconductor 
device manufacture and processing. 
[0002] 

[Description of the Prior Art] For example, in manufacture of an integrated circuit 
and a liquid crystal display, since contamination of a base and a next 
semi-conductor layer causes many problems, it should be lessened as much as 
possible. The examples of such contamination are a residual particle, the 
organic substance, and a metal. Furthermore, the pollutant may be located on 
the front face of a semi-conductor layer, or they may be located between a 
semi-conductor layer and other layers (for example, oxide layer). Typically, the 
wet process is used in manufacture of a semiconductor device. The wet 
defecating methods are a series of particle removal and a metal removal 
process, and consist of a process which rinses among them, performs a process 
and finally performs a desiccation process. As for desiccation, it is typical to 



attain by rinsing a wafer for the fog of the elevated-temperature isopropyl alcohol 
steam which rotates a wafer, blows away the liquid on a wafer, or condenses on 
the surface of a wafer, and replaces water. 

[0003] This type of the wet defecating method has an especially serious fault, 
this kind of especially almost all the metal removal approach (approach using 
strong acid nature mixture typically) adds a particle on the surface of a wafer, 
and a particle removal process (typically, it consists of using basicity / oxidizer 
mixture) adds a metal on the surface of a wafer. Furthermore, since almost all 
the wet defecating method is; liquid surface tension which requires costs for 
abandonment of the caustification study matter used by the; wet defecating 
method which requires costs for obtaining the wet chemical of :electronic grade 
which has the fault which causes the following problem, ; which cannot attain 
wet chemical cleaning to a configuration object with a big aspect ratio like a slot 
easily to details harmony with all desiccation processings (processing used 
much more frequently in semi-conductor processing) is lacked. Therefore, it may 
come to be polluted with a metal by final rinse, although a result which gives a 
residual metal will be brought and a reverse approach will result in lessening a 
particle further on the other hand following a metal removal process, if a particle 
removal process is performed. 

[0004] Supercritical fluid (namely, supercritical carbon dioxide) attracts the 



attention latest [ many ]. Especially this is applied in a field including coffee 
caffeine removal and dry cleaning of linen / fine clothing. Furthermore, it is 
supercritical CO 2 for removing an organic pollutant from a semiconductor wafer. 
It can use. Internetional Journalof Environmentally Conscious Design & 
Manufacturing, Vol.2, and p. 83 Reference (applying a supercritical carbon 
dioxide to removing an organic compound with low volatility from whenever 
[ middle (1993) ] has described the best thing). However, supercritical CO 2 
Generally it is considered that it is not effective for removing an inorganic 
pollutant (namely, metal) from a semiconductor wafer. 

[0005] It is related with other fields and a certain group's researchers are 
supercritical CO 2 about vegetation. It applied and the approach of removing a 
metal from vegetation was discovered by neutralizing a metal by the chelating 
agent. "Toxic metal extracted with supercritical carbon dioxide" (Toxic Metals 
Extracted with Supercritical Carbon Dioxide) C&EN by Elizabeth K. Wilson 
(Elizabeth K.Wilson) Refer to 27, April 15 (1996), and a U.S. Pat. No. 5,356,538 
specification. However, this research, "it is hardly helpful for carrying out the 
solvation of the just charged heavy metal ion in itself [ nonpolar supercritical 
C02 ]. However, if a metal is first neutralized by the chelating agent, researchers 
will have discovered further that the solvation of them can be carried out, and 
that solvent power will increase dramatically if a chelating agent is fluorinated. It 



is described as " (above 27). However, there are some problems in this 
approach. In the first place, it is difficult to remove a non-charged metal. To the 
second, the non-fluorinating chelating agent is expensive. Extensive 
composition of a fluorination chelating agent requires costs for the third. 
Fluorination and a non-fluorinating chelating agent have very high toxicity, and 
require [ fourth ] costs for purification and abandonment. The range of the metal 
which can carry out a solvation to the fifth easily by the fluorination chelating 
agent is restricted. Diffusion of the non-chelating metal to the inside of a lower 
semi-conductor base will become [ sixth ] destructive if the methodology of this 
reference is used. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this 
invention is giving the approach of removing a metal pollutant from a 
semiconductor wafer. Other purposes of this invention are to give the approach 
of removing an inorganic pollutant from a semiconductor wafer. 
[0007] 

[Means for Solving the Problem] When it summarizes, one mode of this 
invention solves the problem included in carrying out chemistry denaturation of 
ionicity and the neutral light **** heavy inorganic (metal) matter, and is in the 
approach of making it into fusibility by putting these ionicity and the neutral light 



**** heavy inorganic (metal) matter to a nontoxic solvent pure to the conventional 
cheap altitude. The approach of this invention includes the process which 
originally changes chemically the metal inorganic pollutant on the front face of a 
certain oxide (it lies on a semi-conductor base). While putting the front stirrup 
which it is desirable to attain using the modifier/chemical of the very large range 
as for this, and is put to supercritical fluid (preferably C02), change of the metal 
may break out. Next, about the metal which changed chemically, it is 
supercritical CO 2. It puts to the idiomatic solvent blended inside. Finally the 
chemical change metal which carried out the solvation idiomatically is removed 
in supercritical C02 medium. The important description of this invention is 
supercritical CO 2, if an inorganic pollutant does not cause a chemical change in 
advance. It does not dissolve into a fluid but is in removing with a solvent the 
inorganic pollutant which changed chemically to the chemical change process 
and coincidence. 

[0008] In the approach one mode of this invention removes an inorganic 
pollutant from the front face of a semi-conductor base substantially Make said 
inorganic pollutant react with at least one kind of inversion agent, and said 
inorganic pollutant is converted by it. It is removed covering said converted 
inorganic pollutant over at least one kind of solvent agent. In that case, said 
solvent agent contains in the first supercritical fluid (preferably supercritical CO 



2), and said converted inorganic pollutant is in the approach of being fusibility of 
consisting of many processes, to said solvent agent at altitude further rather than 
said inorganic pollutant. As for an inversion agent, it is desirable to be chosen 
from an acid, a base, a chelating agent, a ligand agent, a halogen content agent, 
and the group that consists of those combination. As for an inorganic pollutant, it 
is desirable that it is located in a front face substantially [ the original oxide which 
lies on a base ], and it consists of a metal pollutant, an inversion agent 
desirable — supercritical CO 2 it is - you may make it contain in the second 
supercritical fluid The process to which an inorganic pollutant and at least one 
kind of inversion agent are made to react, and the process which removes it by 
covering the converted inorganic pollutant over at least one kind of solvent agent 
may be performed being simultaneous or one by one. A solvent agent is 
preferably chosen from the group which consists of polar gas, nonpolar gas, 
polar supercritical fluid, nonpolar supercritical fluid, a polar substance, the 
nonpolar matter, a surface active agent, detergent, ampholite, or a chelating 
agent. 

[0009] In the approach still more nearly another mode of this invention removes 
a metal pollutant from the front face of a semi-conductor base substantially Make 
said metal pollutant react with at least one kind of inversion agent, and said 
metal pollutant is converted by it. It removes it, said inversion agent also 



containing ** in the first supercritical C02 fluid, and also covering said converted 
metal pollutant over at least one kind of solvent agent. Said solvent agent is the 
second supercritical CO 2 in that case. It contains in the fluid and said converted 
metal pollutant is in the approach of being fusibility of consisting of many 
processes, to said solvent agent at altitude further rather than said metal 
pollutant. The process to which a metal pollutant and at least one kind of 
inversion agent are made to react, and the process removed by covering the 
converted metal pollutant over at least one kind of solvent agent may be 
performed being simultaneous or one by one. 
[0010] 

[Embodiment of the Invention] Drawing 1 has illustrated the processor which can 
be used for enforcing the approach of this invention. The sample (semiconductor 
wafer with which an inorganic pollutant exists) which should be made 
clarification is paid into a container 16. Supercritical fluid (it is C02 preferably 
gas) is supplied from a gasholder 28. The tank is connected to the pressurizer 
34 by the conduit 30 which has a bulb 32, and the pressurizer increases the 
pressure of gas to a pressure higher than about 70 to 75 atmospheric pressure 
at temperature higher than about 32 degrees C, and forms supercritical fluid. 
Supercritical fluid (SCF) passes along a bulb 36 and a conduit 38, and it is sent 
to the tank 12 holding the modifier (a kind or variety) of a solid-state, a liquid, or a 



gas (when bulbs 1 and 3 open and the bulb 2 has closed). Possible modifiers are 
enumerated behind. It serves to incorporate the modifier to SCF by making a 
modifier pass SCF. SCF with which the modifier was blended comes out of a 
tank 12, and goes into a container 16. SCF mixture and an inorganic 
contamination are introduced and it results in denaturing an inorganic 
contamination. 

[0011] Simultaneous in the denaturation of the inorganic contamination on the 
semi-conductor sample by the modifier, after that, SCF passes along a bulb 36 
and a conduit 38, and is sent to the tank 14 holding the solvent agent of a 
solid-state, a liquid, or a gas. This closes bulbs 1, 3, and 5, and is attained by 
opening bulbs 2, 4, and 6. By letting SCF pass to a solvent agent, it serves to 
incorporate a solvent agent to SCF. SCF with which the solvent agent was 
blended comes out of a tank 14, and goes into ** 16. SCF mixture and the 
inorganic denatured contamination are introduced, and it results in removing a 
denaturation inorganic pollutant from the front face of a sample (preferably 
semiconductor wafer) by it. 

[0012] The inorganic contaminant and C02 which denaturalized It is taken out, a 
reducing valve 18 is passed and an inorganic contaminant precipitates in a 
container 20. Next, C02 Gas is recycled to a tank 28 through a conduit 26 with a 
pump 24. An inorganic pollutant can be taken out through a conduit 22. 



[0013] One mode of this invention is in the approach of removing an inorganic 
pollutant (preferably metal) from the top molecular layer of conductivity, 
semi-conductor nature, or an insulating layer. Generally a "top matter layer" 
points out the crowning 5 of the layer, and, generally the layer consists of an 
oxide (probably original a certain oxide layer). 

[0014] Generally, this mode of this invention is in the approach of removing by 
carrying out chemistry inversion to another matter with which the solubility to that 
solvent became still higher, in order for the solvent in supercritical fluid 
(preferably supercritical CO 2) to remove that mineral matter for the inorganic 
pollutant which includes a metal from the front face or base front face of the 
oxide which grew on the base, and which exists automatically later. Especially 
the approach of this mode makes an inorganic pollutant and an inversion agent 
react preferably. Include the process which removes the converted inorganic 
pollutant product with a solvent (solvent contained in supercritical fluid like C02 
completely [ preferably ] partially), an inversion agent - an acid (preferably KCN, 
HF, HCI, or Kl) and a base (it OH(s) desirable - NH4 -) KOH or NF3, a chelate 
and (or) a ligand agent (preferably Jl beta ketone), or a halogen content agent 
(preferably CO, NH3, NO, COS, NH40H, water, or H 202) is sufficient. An 
inversion agent may be blended for an inversion agent into steamy exposure, 
plasma exposure, or supercritical fluid (preferably C02), and you may introduce 



into a semiconductor wafer by putting a wafer to this merge object. A solvent 
Polar gas (preferably CO, COS, NO, NH3, or NF3), Nonpolar gas (2 preferably 
N2, H O 2 or F2), a polarity SCF (preferably N02) nonpolar [ SCF ] (preferably 
C02) and a polar substance (desirable — water and ethanol --) a methanol, an 
acetone or a glycol, and the nonpolar matter (desirable - a tetrahydrofuran ») or 
dimethylformamide, a wetting agent, detergent, and ampholite (desirable - 
sodium dodecyl sulfate — ) You may consist of quarternary ammonium salt or 
cation nature, anion nature, nonionic, a dipolar ion nature wetting agent, or a 
chelating agent (preferably beta-diketone, fluorination, or non-fluorinating crown 
ether). 

[0015] Although the special mode of this invention was indicated here, they 
should not interpret it as what limits the range of this invention. Many modes of 
this invention will look at the methodology of this invention, and will become 
clear to this contractor. The range of this invention is limited by only the claim. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the rough schematic diagram of the sample defecation approach 



of following the mode of this invention. 

[Description of Notations] 

12 Modifier Tank 

14 Solvent Agent Tank 

16 Container for Defecation 

24 Pump 

28 Gasholder 

34 Supercritical Fluid Pressurizer 
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o 2 ) r*t,«t^o K{b»j*, ^mmw, x^xvggm, 
ximmnmi* (SffSL<«co 2 ) * tisfldw*E* 

U c©flHW*lc*x-/N*»-r{: tte J: x 
-/NfcWALTfc<fcv\, ^iStiffitt^'x (»5L<liC 
0, COS, NO, NH 3 , X»iNF 3 ) , ^fiStt^X 
(»SL<liN 2 , H 2 , 0 2 , XteF 2 ) , ffiftS C 
F (!ffSL<t±N0 2 ) , C F «i?3:L<liC 

0 2 ) , MVkVoM C»*U<tt*, x*/-;U, 

L<lifh7tFD75X Xtt5>**-Jl/*JW»75 

[0 0 15] *3WH<D«3Wft««*ccKflB*U^ 
[0SofS#ftUiB^] 

[01] *mi<ommMfcswiM»itt&<ommm 
1 2 &mmm 

1 4 jg^^JBf* 

1 6 mmtmBfs 

2 4 jJ?V^ 

2 8 j!f^|f« 

3 4 mmm»uas.mm 



(5) 



10-99806 




p. 1 



&t { tmm<D&^ &m 2004-225263 

W-J&l 9^ 5^310 
*#lf Jt ISf ^IJU ^"Hl 9628 3K00 

mmmxitmx mm mm « 



it 29^12 ^(Dm^i^ck y«if *»it* ^ <t ifi-attni^o 

IB (3lfflXltt*l=o^Tli3lffl*lK*-It#IIB) 
■ IS^JS 1 s 2 , 5-9 

• ^\mxmm-\ ~4 

y -jut 5 > £ js&Jra LT¥*(*«*©«it#(D*iB«iS£lT 5 <t ffito 



• mum 3 % 4 



p. 2 



1 



<ttfE> 

mp a m±icis^$ti^j totm\t. o o 2-0 



?i ffl x i i - I 

1 . ftmW- 1 0- 1 3 5 1 7 0^4tfS 

2 . ftfflW- 1 0-099806 -§-&$8 

3 . ftffl 2002-237481 -§"&$g 

4 . *#HB 2002-222786 -^-£$8 



IPC H01L 21/304 

B 0 8 B 7/0 0 

P. 3 

JSiifc*; : mtJt 1#I I I«SS.=.»±S«» HOJ^fe TEL 03-3581-1 101 1*|&|3332 



2 



8 9 18 9 6 2 8 



3 



